
Processed by Luminess, 75001 PARIS (FR)

(19)
EP

4 
28

7 
78

2
A

1
*EP004287782A1*

(11) EP 4 287 782 A1
(12) EUROPEAN PATENT APPLICATION

(43) Date of publication: 
06.12.2023 Bulletin 2023/49

(21) Application number: 23176312.9

(22) Date of filing: 31.05.2023

(51) International Patent Classification (IPC):
H05B 47/19 (2020.01) H05B 47/175 (2020.01)

F21S 2/00 (2016.01)

(52) Cooperative Patent Classification (CPC): 
H05B 47/19; F21S 2/00; F21Y 2105/16; 
F21Y 2115/10; H05B 47/175 

(84) Designated Contracting States: 
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB 
GR HR HU IE IS IT LI LT LU LV MC ME MK MT NL 
NO PL PT RO RS SE SI SK SM TR
Designated Extension States: 
BA
Designated Validation States: 
KH MA MD TN

(30) Priority: 01.06.2022 CN 202221358295 U

(71) Applicant: Astera Lighting Technology 
(Shenzhen) Co., Ltd.
Shenzhen, Guangdong 518112 (CN)

(72) Inventors:  
• ERNST, Norbert

Shenzhen, 518112 (CN)
• CANINS, Simon

Shenzhen, 518112 (CN)

(74) Representative: Dr. Gassner & Partner mbB
Wetterkreuz 3
91058 Erlangen (DE)
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SAME

(57) Provided are a solid-state lighting apparatus
composed of a plurality of solid-state lighting units and a
method of operating the same. Each solid-state lighting
unit includes one or more inter-unit communication mod-
ules, each inter-unit communication module located on
a corresponding side of the solid-state lighting unit and
configured to communicate with an inter-unit communi-
cation module of a corresponding adjacent lighting unit
connected to the lighting unit on the corresponding side.
Each inter-unit communication module includes: a pres-
ence detector for detecting the presence of the corre-

sponding adjacent lighting unit; a presence indicator for
indicating the presence of a lighting unit to the corre-
sponding adjacent lighting unit; an optical transceiver for
communicating with corresponding optical transceivers
in the corresponding adjacent lighting units. The sol-
id-state lighting apparatus is operable to work in either a
synchronous mode or a chain-effect mode. The invention
allows flexible combination and convenient installa-
tion/rearrangement of lighting equipment to satisfy the
requirements for different lighting areas and working
modes.
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Description

Cross-references to other documents

[0001] This application claim priority to China Patent
Application no. 202221358295.6 filed 1 June 2022; the
disclosure of which is incorporated herein by reference
in its entirety.

Field of the Invention

[0002] The present invention relates to the technical
field of solid-state luminous body lighting, more specifi-
cally, to a matrix light-emitting diode (LED) lighting ap-
paratus and a method of operating the same.

Background of the Invention

[0003] LEDs are widely used in the field of lighting due
to their high luminous efficiency, stable performance, low
heat dissipation, and long service life. However, because
the light emitted by the LED is divergent, the light irradi-
ation distance is limited and the irradiation intensity in
the effective irradiation area is not very high. Conse-
quently, using LEDs to create spotlights still presents
several technical challenges. In addition, in some large-
scale activities and projects, lighting equipment needs to
be installed and dismantled quickly, and different appli-
cation scenarios have varying requirements for lighting
area and working mode.

Summary of the Invention

[0004] In order to address the above-mentioned tech-
nical challenges of LEDs in the prior art, namely their
limited irradiation distance and relatively low irradiation
intensity in the effective irradiation area, and to meet the
demand for short-term installation and disassembly of
lighting equipment in various scenarios, the present in-
vention allows flexible combination and convenient in-
stallation/rearrangement of lighting equipment to satisfy
the requirements for different lighting areas and working
modes.
[0005] According to a first aspect of the present inven-
tion, provided is a solid-state lighting unit capable of com-
municating with one or more adjacent lighting units. The
solid-state lighting unit comprises: a housing; a front cov-
er arranged on a front side of the housing; a plurality of
light sources arranged on a circuit board; a control panel
arranged on a back side of the housing; a driving module
electrically connected to the plurality of light sources; one
or more inter-unit communication modules, each located
on a corresponding side of the solid-state lighting unit
and configured to communicate with an inter-unit com-
munication module of a corresponding adjacent lighting
unit connected to the lighting unit on the corresponding
side; wherein each inter-unit communication module
comprises: a presence detector for detecting presence

of the corresponding adjacent lighting unit; a presence
indicator for indicating the presence of the corresponding
adjacent lighting unit; a transceiver for communicating
with a corresponding optical transceiver in the corre-
sponding adjacent lighting unit; a microprocessor elec-
trically connected to the driving module and one or more
inter-unit communication modules, and configured to
control each of the inter-unit communication modules
such that: the inter-unit communication module is acti-
vated when the corresponding presence detector detects
the presence of the corresponding adjacent lighting unit;
and the inter-unit communication module is deactivated
when the corresponding presence detector does not de-
tect the presence of the corresponding adjacent lighting
unit; and a control communication module electrically
connected to the microprocessor and the control panel,
and configured to: receive a control signal from the con-
trol panel; decode the control signal into a control com-
mand; and transmit the control command to the micro-
processor. The microprocessor is further configured to:
receive the control command from the control communi-
cation module; and transmit the control command to one
or more activated optical transceivers to forward the con-
trol command to one or more adjacent lighting units re-
spectively.
[0006] According to a second aspect of the present
invention, a solid-state lighting apparatus comprising a
plurality of solid-state lighting units according to the first
aspect of the present invention is provided. The plurality
of solid-state lighting units is operable to work in a syn-
chronous mode or a chain-effect mode.
[0007] According to a third aspect of the present inven-
tion, a method for operating a solid-state lighting appa-
ratus of the second aspect of the present invention to
work in a synchronous mode or a chain-effect mode is
provided. The method comprises three stages: detection
of the presence of adjacent lighting units; setting of digital
multiplexing (DMX) addresses of adjacent lighting units;
and communication between adjacent lighting units.

Brief Description of the Drawings

[0008]

FIGS. 1A, 1B and 1C show a front perspective view,
a rear perspective view and an exploded view of a
solid-state lighting unit communicable with adjacent
lighting units according to an embodiment of the
present invention respectively.
FIG. 2A shows a block diagram of a solid-state light-
ing unit according to one embodiment of the present
invention;
FIG. 2B shows a block diagram of a solid-state light-
ing unit according to another embodiment of the
present invention;
FIG. 3A shows a solid-state lighting apparatus com-
prising a plurality of solid-state lighting units of FIG.
2A;
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FIG. 3B shows a solid-state lighting apparatus com-
prising a plurality of solid-state lighting units of FIG.
2B;
FIG. 4 shows a schematic diagram of how two ad-
jacent solid-state lighting units communicate with
each other according to some embodiments of the
present invention;
FIGS. 5A-5B show schematic diagrams of how two
adjacent solid-state lighting units are mechanically
connected according to some embodiments of the
present invention;
FIGS. 6-7 illustrate the structure of a mechanical
connector according to some embodiments of the
present invention;
FIGS. 8-17 show how different optical components
are attached to the front cover to form lighting units
with different specifications and functions according
to some embodiments of the present invention;
FIGS. 18-19 show schematic diagrams of how to at-
tach or detach different optical components on the
front cover through the coupling of magnets and iron
chips according to some embodiments of the present
invention;
FIGS. 20A-20C illustrate a solid-state lighting unit
installed with a removable supporting member ac-
cording to some embodiments of the present inven-
tion;
FIGS. 21A-21B show structural views of a removable
support;
FIGS. 22A-22B show schematic diagrams of how to
mount the removable supporting member to a solid-
state lighting unit;
FIGS. 23A-23B illustrate a solid-state lighting unit
installed with a pin mount on back side according to
some embodiments of the present invention;
FIGS. 24A-24B illustrate a solid-state lighting unit
installed with a pin socket according to other embod-
iments of the present invention.
FIG. 25 illustrates a method of operating a solid-state
lighting unit in combination with one or more lighting
units to form a solid-state lighting apparatus which
can work as a virtual single lighting unit in synchro-
nous mode or chain-effect mode.

Detailed Description

[0009] The present invention is described in further de-
tail below in conjunction with accompanying drawing and
specific embodiments.
[0010] FIGS. 1A, 1B and 1C show a front perspective
view, a rear perspective view and an exploded view of a
solid-state lighting unit communicable with adjacent light-
ing units according to an embodiment of the present in-
vention respectively.
[0011] FIG. 2A shows a block diagram of a solid-state
lighting unit 1A according to one embodiment of the
present invention. Referring to FIGS. 1A-1C and 2A, sol-
id-state lighting unit 1A may include: housing 11, front

cover 12, driving module 13, inter-unit communication
modules 14A-14B, microprocessor 15, control commu-
nication module 16, control panel 17 and a plurality of
light sources 18. The front cover 12 is arranged on front
side of the housing 11. The material of the housing 11
can be any plastic suitable for injection molding. The in-
terface between the housing 11 and the front cover 12
can be sealed by a sealing ring. Accessory shoes 112
may be arranged on upper and lower sides of the housing
11, respectively. Each accessory shoe 112 includes a
slot 1121 for receiving accessory connection and a spring
tensioner 1122 for locking the accessory connection.
[0012] The driving module 13, the inter-unit communi-
cation modules 14A-14B, the microprocessor 15, the
control communication module 16 and the plurality of light
sources 18 are arranged on a metal circuit board 21. The
control panel 17 is disposed on the back of the housing
11.
[0013] The plurality of light sources 18 can be arranged
in a two-dimensional array. Light sources 18a-18d at the
four corners of the array are oriented at an angle of 45°
so that the light intensity distribution of the entire light
source array is more uniform. Each light source 18 may
comprise a plurality of LEDs with different spectra to form
a uniform visible color spectrum to mitigate the influence
of wavelength peaks. For example, each light source 18
can be formed of five LED chips of different colors. The
five LED chips may include red LEDs, green LEDs, flu-
orescent green LEDs, blue LEDs, and fluorescent amber
LEDs.
[0014] The solid-state lighting unit 1A may further in-
clude a reflective plate 19 disposed between the front
cover 12 and the circuit board 21. The reflective plate 19
has a plane 191 and a plurality of windows 192 protruding
from the plane 191, corresponding to the positions of the
plurality of light sources 18 respectively. Each window
has an inclined reflective surface 193 on its periphery,
extending from the edge of the window 192 to the plane
191, for reflecting and diffusing the light emitted by the
plurality of light sources 18.
[0015] The solid-state lighting unit 1A may also include
a built-in heat sink 22, which is bonded with the metal
circuit board 21 through heat-dissipating glue. The ma-
terial of the heat sink 22 can be any metal or alloy with
high thermal conductivity, such as aluminum. Each side
of the housing 11 may include a plurality of ventilation
holes 114 to cooperate with the heat sink pins of the heat
sink 22 to perform the heat dissipation function more ef-
fectively. The solid-state lighting unit 1A may further in-
clude a magnet 113 disposed at the center of the back
of the housing 11 to allow the solid-state lighting unit 1A
to be easily attached to a (magnetic) metal surface.
[0016] The driving module 13 is electrically connected
to the plurality of light sources 18. Inter-unit communica-
tion modules 14A-14B are located on opposite sides A
and B, respectively, of solid-state lighting unit 1A and are
configured to communicate with inter-unit communica-
tion modules (not shown) of corresponding adjacent light-
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ing units connected to the lighting unit 1A on respective
sides.
[0017] Inter-unit communication modules 14A-14B
may include presence detectors 141A-141B, respective-
ly, for detecting the presence of corresponding adjacent
lighting units. Inter-unit communication modules 14A-
14B may also include presence indicators 142A-142B,
respectively, for indicating the presence of a lighting unit
to corresponding adjacent lighting units.
[0018] Inter-unit communication modules 14A-14B
may also include optical transceivers 143A-143B, re-
spectively, for communicating with corresponding optical
transceivers (not shown) in corresponding adjacent light-
ing units. The optical transceiver 143A includes a trans-
mitter 1431A and a receiver 1432A. The optical trans-
ceiver 143B includes a transmitter 1431B and a receiver
1432B.
[0019] The microprocessor 15 is electrically connected
to the driving module 13 and the inter-unit communication
modules 14A-14B and is configured to control the inter-
unit communication modules 14A-14B respectively so
that: when the corresponding presence detector of each
inter-unit communication module detects the presence
of a corresponding adjacent lighting unit, the inter-unit
communication module is activated; when the presence
detector corresponding to each inter-unit communication
module does not detect the presence of the correspond-
ing adjacent lighting unit, the inter-unit communication
module is deactivated. In this way, it is possible to prevent
the inter-unit communication module from sending out
signals when the lighting unit 1A is used alone or not
connected to adjacent lighting units on the corresponding
side of the inter-unit communication module, causing in-
terference to other nearby lighting units.
[0020] The control communication module 16 is elec-
trically connected to the microprocessor 15 and config-
ured to: receive the control signal; decode the control
signal into a control command; and transmit the control
command to the microprocessor 15. The control commu-
nication module 16 is configured to be electrically con-
nected to the control panel 17 and to receive the control
signals from the control panel. The control communica-
tion module 16 may also include a wireless communica-
tion module for receiving external wireless control sig-
nals; and/or a wired communication module for receiving
external wired control signals. The wireless control signal
can come from an external controller, such as a dedicated
remote control or a smart device installed with a dedicat-
ed application. The wireless communication module can
be configured to support various communication tech-
nologies, such as Bluetooth, WiFi and zigbee...etc. The
wired communication module can be configured to re-
ceive wired control signals superimposed with DMX data
signals through DMX data lines or power lines.
[0021] The microprocessor 15 is further configured to:
receive a control command from the control communica-
tion module 16; and transmit the control command to the
activated optical transceiver to forward the control com-

mand to the corresponding adjacent lighting unit.
[0022] The lighting unit 1A may be powered by a built-
in battery or an external power supply. The lighting unit
1A may also include an electrical socket for conveniently
connecting to a power source to provide continuous pow-
er supply or to charge the built-in battery. The electrical
socket can also be used with a dedicated charging stand
or case to prevent short circuits and reverse polarity pow-
er connections when the lighting unit 1A is being charged.
The lighting unit 1A can also be connected to other light-
ing units in a daisy chain format through a power line
superimposed with DMX data signals to form a single
lighting unit for operation and control.
[0023] FIG. 2B shows a block diagram of a solid-state
lighting unit 1B according to another embodiment of the
present invention. Referring to FIGS. 1A-1C and 2B, sol-
id-state lighting unit 1B is similar to solid-state lighting
unit 1A. The difference between the solid-state lighting
unit 1B and the solid-state lighting unit 1A is that the solid-
state lighting unit 1B includes four inter-unit communica-
tion modules 14A-14D, respectively located on four sides
A-D of the solid-state lighting unit 1B and configured to
be connected to inter-unit communication modules of ad-
jacent lighting units on corresponding sides of the lighting
unit 1B to communicate with the adjacent lighting units.
[0024] Inter-unit communication modules 14A-14D
may include presence detectors 141A-141D, respective-
ly, for detecting the presence of corresponding adjacent
lighting units. Inter-unit communication modules 14A-
14D may also include presence indicators 142A-142D,
respectively, for indicating the presence of lighting unit
1B to corresponding adjacent lighting units.
[0025] Inter-unit communication modules 14A-14D
may also include optical transceivers 143A-143D, re-
spectively, for communicating with optical transceivers
in corresponding adjacent lighting units. The optical
transceiver 143A includes a transmitter 1431A and a re-
ceiver 1432A. The optical transceiver 143B includes a
transmitter 1431B and a receiver 1432B. The optical
transceiver 143C includes a transmitter 1431C and a re-
ceiver 1432C. The optical transceiver 143D includes a
transmitter 1431D and a receiver 1432D.
[0026] In some embodiments, presence indicators
142A-142D may be magnets and presence detectors
141A-141D may be Hall effect sensors. Optical trans-
ceivers 143A-143D may be any transceiver suitable for
exchanging optical signals over short distances in free
space. In some embodiments, optical transceivers 143A-
143D may be infrared transceivers. In some embodi-
ments, the optical transceivers 143A-143D may commu-
nicate with corresponding optical transceivers in adja-
cent lighting units based on a universal asynchronous
transceiver (UART) communication protocol.
[0027] FIG. 3A shows a schematic diagram of a solid-
state lighting apparatus 3A composed of a plurality of
solid-state lighting units 1Ai, i = 1, ..., M, where M is a
positive integer. The plurality of solid-state lighting units
1Ai are arranged side by side to form a one-dimensional
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array. Each solid-state lighting unit 1Ai can communicate
with two adjacent solid-state lighting units respectively
through two inter-unit communication modules. For ex-
ample, unit 1Ai can communicate with unit 1Ai-1 and unit
1Ai+1 respectively through the inter-unit communication
module. In this way, the user can control the connected
solid-state lighting units through the control panel of any
one of the connected solid-state lighting units. Alterna-
tively, the user can control the connected solid-state light-
ing units by communicating with the control communica-
tion module of any one of the connected solid-state light-
ing units through a remote control or smart device.
[0028] The plurality of solid-state lighting units 1Ai in
the solid-state lighting apparatus 3A can be operated and
controlled as a single lighting unit and configured to work
in a synchronous mode or a chain-effect mode. In the
synchronous mode, the plurality of solid-state lighting
units 1Ai respond synchronously to commands input by
the user. In the chain-effect mode, the plurality of solid-
state lighting units 1Ai are configured to sequentially re-
spond to user input commands to achieve some dynamic
lighting or animation effects. When the plurality of solid-
state lighting units 1Ai work in the chain-effect mode, the
control communication module in each solid-state light-
ing unit is configured to sequentially set the DMX address
for the lighting units.
[0029] FIG. 3B shows a schematic diagram of a solid-
state lighting apparatus 3B composed of a plurality of
solid-state lighting units 1Bi,j, i=1,..., M, and j=1,..., N,
wherein N and M are positive integers. The plurality of
solid-state lighting units 1Bi,j are arranged side by side
to form a two-dimensional array. Each of solid-state light-
ing unit 1Bi,j can communicate with four adjacent solid-
state lighting units respectively through four inter-unit
communication modules. For example, unit 1Bi,j can
communicate with unit 1Bi-1,j, unit 1Bi+1,j, unit 1Bi,j-1 and
unit 1Bi,j+1 respectively through the inter-unit communi-
cation module. In this way, the user can control the con-
nected solid-state lighting units through the control panel
of any one of the connected solid-state lighting units. Al-
ternatively, a user may operate the connected solid-state
lighting units by communicating with the control commu-
nication module 16 of any one of the connected solid-
state lighting units through a remote control or smart de-
vice.
[0030] The plurality of solid-state lighting units 1Bi,j in
the solid-state lighting apparatus 3B can be operated and
controlled as a single lighting unit and configured to work
in a synchronous mode or a chain effect mode. In the
synchronous mode, the plurality of solid-state lighting
units 1Bi,j respond to commands input by the user syn-
chronously. In the chain-effect mode, the plurality of sol-
id-state lighting units 1Bi,j are configured to sequentially
respond to user input commands to achieve some dy-
namic lighting or animation effects. When the plurality of
solid-state lighting units 1Bi,j work in the chain-effect
mode, the control communication module in each solid-
state lighting unit is configured to sequentially set the

DMX address for the lighting units.
[0031] FIG. 4 shows a schematic diagram of how two
solid-state lighting units 1 and 2 communicate with each
other. As shown in FIG. 4, when the lighting unit 2 ap-
proaches the lighting unit 1 from side A of the lighting
unit 1, the presence detector 141A on side A of the lighting
unit 1 will sense a signal emitted by presence indicator
242B on side B of the lighting unit 2, thereby detect the
presence of the lighting unit 2. After presence detector
141A detects the presence of lighting unit 2, optical trans-
ceiver 143A on side A of lighting unit 1 is activated to
communicate with optical transceiver 243B on side B of
lighting unit 2. More specifically, the transmitter 1431A
is activated to transmit a signal to the receiver 2432B;
and the receiver 1432A is activated to receive the signal
transmitted by the transmitter 2431B.
[0032] On the other hand, the presence detector 241B
on the B side of the lighting unit 2 will sense a signal from
the presence indicator 142A on the A side of the lighting
unit 1, thereby detect the presence of the lighting unit 1.
After presence detector 241B detects the presence of
lighting unit 1, optical transceiver 243B on side B of light-
ing unit 2 is activated to communicate with optical trans-
ceiver 143A on side A of lighting unit 1. More specifically,
the transmitter 243 1B is activated to transmit a signal to
the receiver 1432A; and the receiver 2432B is activated
to receive the signal transmitted by the transmitter
1431A.
[0033] In the case where presence indicators 142A-
142D are magnets and presence detectors 141A-141D
are Hall-effect sensors, when lighting unit 2 approaches
lighting unit 1 from side A of lighting unit 1, the Hall-effect
sensor on the side A of the lighting unit 1 will sense mag-
netic field changes caused by the magnet on side B of
the lighting unit 2, thereby detect the presence of the
lighting unit 2. On the other hand, when lighting unit 1
approaches the lighting unit 2 from side B of the lighting
unit 2, the Hall effect sensor on the B side of the lighting
unit 2 will sense magnetic field changes caused the mag-
net on the A side of the lighting unit 1, thereby detect the
presence of lighting units 1.
[0034] FIGS. 5A and 5B show schematic diagrams of
how two adjacent solid-state lighting units 1 and 2 are
mechanically connected according to some embodi-
ments of the present invention. Referring to FIG. 5A, the
housing 11 of the solid-state lighting unit 1 may include
grooves 115 and protrusions 116, which cooperate with
corresponding protrusions and grooves (not shown) on
the housing of the solid-state lighting unit 2, respectively,
to prevent the solid-state lighting units 1 and 2 from mu-
tually shifting after assembling. Referring to FIG. 5B, any
two adjacent solid-state lighting units 1 and 2 can be me-
chanically connected through a mechanical connector
50.
[0035] Referring to FIGS. 6-7, the mechanical connec-
tor 50 may include jackscrews 51 and 52, a frame 53 and
an interconnect protrusion 54. The jackscrews 51 and 52
are respectively located at two ends of the frame 53 along
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an axis Z, and the interconnect protrusion 54 protrudes
laterally from a central part of the frame 53 along an axis
Y orthogonal to the axis Z. The interconnect protrusion
54 has a block portion 541 and a block portion 542 op-
posite to the block portion 541 along the axis Z. The in-
terconnect protrusion 54 also has a groove 543 defined
on a first side and a groove 544 defined on a second side
opposite to the first side, both extending through the in-
terconnect protrusion 54 along the axis Y and between
block portions 541 and 542. Accordingly, when the solid-
state lighting units 1 and 2 are mechanically connected
by the mechanical connector 50, the block portions 541,
542 of the interconnect protrusion 54 are inserted into
the slots 1121 (see FIG. 1B) of the accessory shoes 112
of the adjacent lighting units 1 and 2, respectively, and
locked by the spring tensioners 1122 (see FIG. 1B) of
the accessory shoes 112 of the lighting units 1 and 2,
respectively. The jackscrews 51 and 52 can then be used
to apply loading to the back of the lighting units 1 and 2
respectively (see FIG. 5B), so that the lighting units 1 and
2 are aligned with each other along the axis Y. The frame
53 may also include threaded holes 531, 532, 533 and
534 for fixing other accessories.
[0036] FIGS. 8-17 show lighting units attached with dif-
ferent optical components to provide various specifica-
tions and functions according to some embodiments of
the present invention.
[0037] Referring to FIGS. 8 and 9, the solid-state light-
ing unit 1 may include a gel holder 80. The gel holder 80
is removably attached to the front cover 12 for accom-
modating one or more color filters.
[0038] Referring to FIGS. 10 and 11, the solid-state
lighting unit 1 may include a diffuser 100. The diffusion
100 is removably attached to the front cover 12 and con-
figured to diffuse light output from the plurality of solid-
state light sources.
[0039] Referring to FIGS. 12-13, the solid-state lighting
unit 1 may include a gel holder 80, a diffuser 100 and an
egg-crate-grille adjuster 120. The gel holder 80 is remov-
ably attached to the front cover 12 for accommodating
one or more color filters. The diffuser 100 is removably
attached to the gel holder 80 and configured to diffuse
light output from the plurality of solid-state light sources.
The egg-crate-grille adjuster 120 is removably attached
to the diffuser 100 for blocking off-axis light scattered by
the diffuser 100. The egg-crate-grille adjuster 120 can
have various grid sizes to suit different requirements.
[0040] Referring to FIGS. 14-15, the solid-state lighting
unit 1 may include an intensifier 140. The intensifier 140
is removably attached to the front cover 12 for intensifying
the light output from the plurality of solid-state light sourc-
es. The intensifier 140 can have different thicknesses to
suit different requirements.
[0041] Referring to FIGS. 16-17, the solid-state lighting
unit 1 may include an intensifier 140 and an egg-crate-
grille adjuster 120. The intensifier 140 is removably at-
tached to the front cover 12 for intensifying the light output
from the plurality of solid-state light sources. The egg-

crate-grille adjuster 120 is removably attached to inten-
sifier 140 for blocking off-axis light. The egg-crate-grille
adjuster 120 can have various grid sizes to suit different
requirements.
[0042] Referring to FIGS. 18-19, the front cover 12 can
attach or detach different optical parts or light modifying
accessories (such as gel holders, diffusers, egg-crate-
grille adjustors, intensifiers) through the coupling of mag-
nets and iron chips to form lighting units with different
specifications and functions. As shown in FIG. 18, the
front cover 12 may include magnets 1801 at four corners,
and the gel holder may include iron chips 1802 at four
corners. The shapes of the magnet match the shape of
the iron chips, and the positions of the magnets match
the positions of the iron chips. In this way, the gel holder
can be attached to the front cover 12 or detached from
the front cover 12 conveniently. As shown in FIG. 19, the
diffuser may include magnets 1901 at four corners, and
the egg-crate grille adjuster may include iron chips 1902
at four corners corresponding to the magnets 1901. In
this way, the egg-crate-grille adjuster can be easily at-
tached to or detached from the diffuser.
[0043] Referring to FIGS. 20A-20C, the solid-state
lighting unit 1 may further include a removable supporting
member 200 fixed on the housing 11. The supporting
member 200 can allow the solid-state lighting unit 1 to
rotate along the horizontal axis X or the vertical axis Z to
adjust the direction of illumination.
[0044] Referring to FIGS. 21A and 21B, the supporting
member 200 may include: a main body 201 for being
attached with one or more mounting accessories, a con-
nector 202, a fixing element 203. The one or more mount-
ing accessories may include first and second brackets
204a, 204b. The connector 202 is hinged to the main
body 201 by screws 2081a and 2081b, bearings 2082a
and 2082b, and is used to connect the supporting mem-
ber 200 to the housing and allow the solid-state lighting
unit to rotate along the horizontal axis X through the sup-
porting member 200 to adjust the direction of illumination.
The fixing element 203 is fixed on the main body 201 by
screws 207a and 207b. The fixing element 203 has an
opening 2032 to allow the solid-state lighting unit to be
fixed using wire or cable ties. The first bracket 204a and
the second bracket 204b are rotatably fixed on the main
body 201 by screws 205a and 205b respectively, for al-
lowing the solid-state lighting unit 1 to stand on a platform
and rotate along the vertical axis Z through the supporting
member 200.
[0045] Referring to FIGS. 22A and 22B, the connector
202 is shaped to match the accessory shoe 112 on the
side of the housing 11 of the solid-state lighting unit 1.
When the supporting member 200 is mounted on the
housing 11 of the solid-state lighting unit 1, the connector
202 can be snugly inserted into the accessory shoe 112
on the housing 11.
[0046] In some embodiments, as shown in FIGS. 23A-
24B, the one or more mounting accessories may include
a pin socket 230 fixed on the supporting member 200 to
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allow the solid-state lighting unit 1 to be used with other
standard lighting devices. As shown in FIGS. 23A and
23B, a pin socket 230 may be mounted on the main body
201 of the supporting member 200. In other words, the
pin socket 230 may be connected to the back of the hous-
ing 11 through the supporting member 200. As shown in
FIGS. 24A and 24B, the pin socket 230 may be mounted
on the connector 202 of the supporting member 200. In
other words, the pin socket 230 may be connected to the
side of the housing through the supporting member 200.
[0047] FIG. 25 illustrates a method of operating a solid-
state lighting unit in combination with one or more lighting
units to form solid-state lighting apparatus which can
work as a virtual single lighting unit operating in synchro-
nous mode or chain-effect mode. The method includes
three stages, namely: S01: detection of the presence of
adjacent lighting units; S02: setting of DMX addresses
of adjacent lighting units; and S03: communication be-
tween adjacent lighting units.
[0048] Stage S01 (detection of the presence of adja-
cent lighting units) comprises: for each inter-unit commu-
nication module: activating, by the microprocessor, the
inter-unit communication module when a corresponding
presence detector detects the presence of a correspond-
ing adjacent lighting unit; and deactivating, by the micro-
processor, the inter-unit communication module when
the corresponding presence detector does not detect the
presence of the corresponding adjacent lighting unit.
[0049] Stage S02 (setting of DMX addresses of adja-
cent lighting units) comprises: sequentially setting, by the
control communication module, DMX address for each
of the plurality of solid-state lighting units when the solid-
state lighting units work in the chain-effect mode.
[0050] Stage S03 (communication between adjacent
lighting units) includes: receiving, by the control commu-
nication module, control signal from the control panel;
decoding, by the control communication module, the con-
trol signal into a control command; sending, by the control
communication module, the control command to the mi-
croprocessor; receiving, by the microprocessor, the con-
trol command from the control communication module;
and sending, by the microprocessor, the control com-
mand to the activated optical transceiver to forward the
control command to the adjacent lighting units.
[0051] The embodiment was chosen and described in
order to best explain the principles of the invention and
its practical application, thereby enabling others skilled
in the art to understand various embodiments of the in-
vention and various embodiments as are suited to the
particular use contemplated. kind of modification. Al-
though the devices disclosed herein have been de-
scribed with reference to specific structures, shapes, ma-
terials, compositions of matter and relationships, etc.,
such descriptions and illustrations are not limiting. Mod-
ifications may be made to adapt a particular situation to
the aim, spirit and scope of the disclosure. All such mod-
ifications are intended to come within the scope of the
claims appended hereto.

Claims

1. A solid-state lighting unit capable of communicating
with one or more adjacent lighting units, comprising:

a housing;
a front cover arranged on a front side of the hous-
ing;
a plurality of light sources arranged on a circuit
board;
a control panel arranged on a back side of the
housing;
a driving module electrically connected to the
plurality of light sources;
one or more inter-unit communication modules,
each located on a corresponding side of the sol-
id-state lighting unit and configured to commu-
nicate with an inter-unit communication module
of a corresponding adjacent lighting unit con-
nected to the solid-state lighting unit on the cor-
responding side; wherein each inter-unit com-
munication module comprises: a presence de-
tector for detecting presence of the correspond-
ing adjacent lighting unit; a presence indicator
for indicating the presence of the corresponding
adjacent lighting unit; a transceiver for commu-
nicating with a corresponding optical transceiver
in the corresponding adjacent lighting unit;
a microprocessor electrically connected to the
driving module and one or more inter-unit com-
munication modules and configured to control
each of the inter-unit communication modules
such that: the inter-unit communication module
is activated when the corresponding presence
detector detects the presence of the corre-
sponding adjacent lighting unit; and the inter-
unit communication module is deactivated when
the corresponding presence detector does not
detect the presence of the corresponding adja-
cent lighting unit; and
a control communication module electrically
connected to the microprocessor and the control
panel and configured to: receive a control signal
from the control panel; decode the control signal
into a control command; and transmit the control
command to the microprocessor; and
wherein, the microprocessor is further config-
ured to: receive the control command from the
control communication module; and transmit the
control command to one or more activated op-
tical transceivers to forward the control com-
mand to one or more adjacent lighting units.

2. The solid-state lighting unit according to claim 1,
wherein each of the one or more optical transceivers
is an infrared transceiver.

3. The solid-state lighting unit according to claim 1,
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wherein each of the one or more optical transceivers
is a universal asynchronous transceiver (UART).

4. The solid-state lighting unit according to claim 1,
wherein each of the one or more presence detectors
is a Hall effect sensor.

5. The solid-state lighting unit according to claim 1,
wherein each of the one or more presence indicators
is a magnet.

6. The solid-state lighting unit according to any one of
claims 1 to 5, wherein the control communication
module further comprises: a wireless communica-
tion module for receiving wireless control signals;
and/or a wireless communication module for receiv-
ing wired control signals Wired communication mod-
ule.

7. The solid-state lighting unit according to any one of
claims 1 to 5, wherein each of the light sources is
composed of at least five light-emitting diodes
(LEDs) including at least one red LED, at least one
green LED, at least one fluorescent green LED, at
least one blue LED, and at least one fluorescent am-
ber LED.

8. The solid-state lighting unit of any one of claims 1 to
5, further comprising a magnet disposed at center
on a back side of the housing to allow the solid-state
lighting unit to attach to a magnetic metal surface.

9. The solid-state lighting unit according to any one of
claims 1 to 5, further comprising a light modifying
accessory; wherein the light modifying accessory
comprises:

a gel holder for accommodating one or more
color filter;
a diffuser for diffusing light emitted from the plu-
rality of light sources;
an intensifier for intensifying light emitted from
the plurality of light sources; and/or
an egg-crate-grille adjuster for blocking off-axis
light scattered by the diffuser and/or the inten-
sifier.

10. The solid-state lighting unit according to any one of
claims 1 to 5, further comprising a removable sup-
porting member fixed on the housing, the removable
supporting member comprising:

a main body for being attached with one or more
mounting accessories;
a connector hinged to the main body and con-
figured to connect the body to the housing;
wherein the one or more mounting accessories
include:

a first bracket and a second bracket fixed
on the main body by screws respectively,
and used for allowing the solid-state lighting
unit to stand on a platform;
and/or
a pin socket mounted to the main body or
the connector.

11. A solid-state lighting apparatus comprising a plurality
of solid-state lighting units according to claim 1 ar-
ranged in a matrix, wherein the plurality of solid-state
lighting units is operable to work in a synchronous
mode or a chain-effect mode.

12. The solid-state lighting apparatus according to claim
11, wherein when the plurality of solid-state lighting
units works in chain-effect mode, the control com-
munication module in each of the lighting units is
configured to sequentially set a DMX address for the
lighting unit.

13. The solid-state lighting apparatus according to claim
11, further comprising one or more mechanical con-
nectors, each mechanical connector configured to
mechanically connect a pair of first adjacent lighting
units and a second adjacent lighting unit; wherein
the mechanical connector comprises:

a frame;
a first jackscrew and a second jackscrew, re-
spectively located at two ends along a first axis
of the frame;
an interconnect protrusion projecting laterally
from a central part of the frame along a second
axis orthogonal to the first axis;
wherein the interconnect protrusion has:

a first block portion and a second block por-
tion opposite to the first block portion along
the first axis;
a first groove defined on a first side and a
second groove defined on a second side
opposite to the first side, both extending
through the interconnect protrusion along
the second axis and between the first block
portion and the second block portion.

14. The solid-state lighting apparatus according to claim
13, wherein

each of the first adjacent lighting unit and the
second adjacent lighting unit has at least one
accessory shoe including a slot and a spring ten-
sioner;
when the first adjacent lighting unit and the sec-
ond adjacent lighting unit are mechanically con-
nected by the mechanical connector, the first
block portion and the second block portion are
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inserted into the slots of the accessory shoes of
the first and second adjacent lighting units re-
spectively and locked by the spring tensioner of
the accessory shoe of the first and second ad-
jacent lighting units respectively; and the first
and second jackscrews are used to apply load-
ing to the back side of the first and second ad-
jacent lighting units respectively so that the first
and second adjacent lighting units are aligned
with each other along the second axis.

15. A method for operating the solid-state lighting appa-
ratus of any one of claims 11 to 14, the method com-
prising:

detection of the presence of adjacent lighting
units;
setting of DMX addresses of adjacent lighting
units; and
communication between adjacent lighting units;
wherein the step of detection of the presence of
adjacent lighting units comprises:
for each inter-unit communication module:

activating the inter-unit communication
module by a microprocessor when a corre-
sponding presence detector detects pres-
ence of a corresponding adj acent lighting
unit; and
deactivating the inter-unit communication
module by the microprocessor when the
corresponding presence detector does not
detect presence of the corresponding adja-
cent lighting unit;

wherein the setting of DMX addresses of adja-
cent lighting units comprises: sequentially set-
ting, by the control communication module, a
DMX address for each of the plurality of lighting
units when the plurality of solid-state lighting
units is working in the chain-effect mode; and
wherein the communication between adjacent
lighting units comprises:

receiving, by a control communication mod-
ule, control signal from a control panel;
decoding, by the control communication
module, the control signal into a control
command by;
sending, by the control communication
module, the control command to the micro-
processor;
receiving, by the microprocessor, the con-
trol commands from the control communi-
cation module; and
sending, by the microprocessor, the control
commands to one or more activated optical
transceivers to forward the control com-

mands to one or more adjacent lighting
units.
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